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Chemical context
It has long been recognized that thiolate groups (R 1 S À ) bound to a transition metal center readily react with alkyl halides (R 2 X) to form a transition metal complex with thioether groups (R 1 SR 2 ). Since the resulting thioether S atoms generally turn to be asymmetric (chiral), the alkylated species are an interesting research target of coordination stereochemistry. Among a variety of alkyl halides, iodomethane (CH 3 I) is one of the most common alkylation reagent because of its high reactivity and simple molecular structure. For example, the reaction of a mono(thiolate)-type Co III mononuclear complex, [Co(aet)(en) 2 ] 2+ (aet = NH 2 CH 2 CH 2 S À , en = ethylenediamine), with iodomethane selectively produces the corresponding mono(thioether)-type complex, [Co(mtea)(en) 2 ] 3+ (mtea = NH 2 CH 2 CH 2 SCH 3 ) (Elder et al., 1978) . Moreover, Busch et al. (1964) . However, the lack of crystallographic analytical data for fac(S)-[Rh(aet)(mtea) 2 ] 2+ prevented the further study on the stereochemistry of the dialkylated complex.
In the course of our continuing study of the alkylation reaction of metal complexes with aminothiolate ligands (Okamoto et al., 1999; Chikamoto et al., 2005 Chikamoto et al., , 2007 Yoshinari & Konno, 2008 , 2009 . It is noteworthy that the complex was crystallized as a hexafluoridophosphate salt, [Co(LMe 2 )](PF 6 ) 2 , and its molecular structure was fully determined by single-crystal X-ray diffraction analysis. As far as we know, this is the first crystallographic characterization of a cobalt(III) complex that has two thioether and one thiolate donor groups. In addition, this is a unique example of a direct conversion of a thiolate-bridged multinuclear complex to a mononuclear thioether complex by alkylation reaction. Treatment of the thiolate-bridged pentanuclear complex {Ag 3 [Co(L)] 2 } 3+ with excess iodomethane in water gave a greenish-brown suspension. After removing the insoluble solid by filtration, the purple-brown filtrate was purified by a cation-exchange column (SP-Sephadex C-25). The product was isolated as purple-brown crystals by adding a hexafluoridophosphate anion. The geometrical parameters and stereoisomerism of the title compound based on the X-ray analysis, together with the spectroscopic data, are described in this paper.
Structural commentary
X-ray structural analysis revealed that there are two crystallographically independent yet essentially the same complex cations, [Co(LMe 2 )]
2+
, and four PF 6 À anions in the asymmetric unit (Fig. 1) 
Supramolecular features
In the crystal, the complex cations and the PF 6 À anions are connected through many weak N-HÁ Á ÁF, C-HÁ Á ÁF and C-HÁ Á ÁS hydrogen bonds (Table 1) , forming a three-dimensional structure.
Synthesis and crystallization
To a dark-purple solution of {Ag 3 [Co(L)] 2 }(NO 3 ) 3 Á4H 2 O (0.30 g, 0.25 mmol) in 100 ml of water was added CH 3 I (0.5 ml, 8.0 mmol). The mixture was stirred at room temperature for 1.5 days in the dark. After removing a brown powder (200 mg) by filtration, the purple-brown filtrate was poured onto an SPSephadex C-25 column (Na + form, 1.5 Â 30 cm). First, a purple band was eluted with 0.05 M aqueous NaCl. Then, a purple-brown band of [Co(LMe 2 )] 2+ was eluted with 0.15 M aqueous NaCl. To the concentrated purple-brown eluate was added 1.0 M aqueous NH 4 PF 6 (5 ml) and the solution was allowed to stand at room temperature for 20 d. The resulting dark purple-brown block crystals of the title compound were collected by filtration. Yield: 0.08 g (29%). Single crystals suitable for X-ray analysis were obtained by recrystallization from water by adding 1.0 M aqueous NH 4 PF 6 . Analysis: calculated for [Co(LMe 2 )](PF 6 ) 2 : C 20.01, H 4.12, N 8.48%; found: C 20.25, H 4.06, N 8.51%.
13 C{ 1 H} NMR (DMSO-d 6 ): 17. 40, 18.05, 28.97, 37.20, 47.82, 49.42, 58.22, 64.39, 67.05, 67. Table 1 Hydrogen-bond geometry (Å , ). 
Figure 2
13 C{H} NMR spectrum of the title compound in DMSO-d 6 .
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms bound to C atoms were placed at calculated positions [C-H = 0.99 Å (CH 2 ) or 0.98 Å (CH 3 )] and refined as riding with U iso (H) = 1.2U eq (C) for CH 2 and U iso (H) = 1.5U eq (C) for CH 3 . All H atoms bound to N atoms were refined with bond-length restraints [N-H = 0.90 (2) Å ] and with U iso (H) = 1.2U eq (N). Two F atoms in one PF 6 anion are disordered over two positions (F25A/F25B and F26A/F26B) with refined occupancies of 0.61 (4) and 0.39 (4). Two F atoms in another PF 6 anion are also disordered over two positions (F20A, F21A, F22A, F23A) with site occupancies of 0.5. Reflections (11 7 24) and (24 2 3) were omitted omitted owing to poor agreement between measured and calculated intensities.
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{2-[(Bis{[2-(methylsulfanyl)ethyl]aminomethyl}aminomethyl)amino]ethanethiolato}cobalt(III) bis(hexafluoridophosphate)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

